Purpose To evaluate the influence of posterior capsule opacification (PCO) on GDx parameters in a population of pseudophakic, non-glaucomatous patients who underwent Nd:YAG laser capsulotomy (YLC). Methods The posterior capsules were photographed with a Topcon digital camera and each image was then entered into the EPCO 2000 software and evaluated independently by three examiners. The EPCO 2000 software was used to calculate the fibrosis index (FI) and the pearl index (PI) for the central 1.5, 2.5, and 3.5 mm of the posterior capsule. Scanning laser polarimetry was performed with GDx before and after YLC. We compared the GDx readings obtained before and after the YLC using paired Student's t-test. The parameters that varied significantly after YLC were subsequently used for regression analysis. Stepwise multiple linear regression was used to analyse the impact of the change in the amount of FI and PI on change in GDx parameters after YLC. Results In total, 158 patients were enrolled (74 men, 84 women). The mean age was 69.4678.83 years (range 46-83 years). The interobserver agreement among the three experts was found to be good (repeatability coefficient R ¼ 1.51, 1.49, 1.49 for observer A vs B, A vs C, and B vs C respectively). One-sample Student's t-test show no difference between all GDx parameters before and after YLC except for Symmetry, Superior/Nasal ratio, Inferior Ratio, and Temporal-Superior-Nasal-InferiorTemporal (TSNIT). Stepwise multiple regression showed that the two variables of greatest significance for changes in Symmetry were the FI in the central 1.5 and the PI in the central 3.5 mm (P ¼ 0.02). Superior/nasal ratio was shown to be most strongly correlated to the FI in the central 1.5 mm and PI in the central 3.5 mm (Po0.001), whereas the variable of greatest significance to Inferior Ratio was PI in the central 3.5 mm (P ¼ 0.03). Finally, TSNIT was most strongly correlated to FI in the central 1.5 mm and FI in the central 2.5 mm (Po0.001). Conclusion Presence of capsular fibrosis seems to be more clinically relevant in the central zone, whereas pearls tend to be clinically significant in the central 3.5 mm area. Hence, it might be worthwhile assessing the amount of PCO in pseudophakic patients when performing scanning laser polarimetry. Investigators should ensure that the type of PCO and the size of the area analysed are documented in the notes in order to interpret GDx findings appropriately.
Introduction
Despite advances in cataract surgery and intraocular lens design, posterior capsular opacification (PCO) is the commonest complication of cataract surgery. 1 Opacification of the posterior capsule can lead to clinically significant reduction in visual acuity, impaired contrast sensitivity, glare disability, and monocular diplopia. 2, 3 Moreover, PCO can have a significant impact on the ability to visualize the posterior segment and, as many diagnostic devices used in ophthalmology rely on a clear visual axis, severe PCO might interfere with data acquisition and lead to an incorrect or delayed diagnosis. In particular, this could be especially important for patient undergoing scanning laser polarimetry with GDx, an increasingly popular method used for the diagnosis of early glaucoma.
To date, little is known about the influence of PCO on GDx parameters. Our study compares how the GDx parameters change after YAG laser capsulotomy (YLC), taking into account three different areas of the posterior capsule (namely, central 1.5, 2.5, and 3.5 mm).
Methods
All patients attending the Department of Ophthalmology to undergo Nd:YAG laser capsulotomy for the first time were eligible for this study. Exclusion criteria were age below 18 years, presence of optic nerve pathologies (including glaucoma), refractive error higher than 74 spherical dioptres and three cylindrical dioptres, retinal pathologies, previous ophthalmic surgery other than cataract surgery in the first eye, visual acuity less than 1.0 LogMAR, GDx score of 8 or less, PCO grade 4 (EPOC system), participation in other trials, and refusal to participate. The study was approved by the regional Ethical Committee. A total of 158 patients met the abovementioned criteria and were divided into two groups: 128 patients entered the main study, whereas 30 were selected for an ancillary agreement study (see flowchart in Figure 1 ). None of the experts operating the analysis system was informed about the intent of the additional 30 patients.
Baseline best-corrected visual acuity (BCVA) was assessed using LogMAR charts. Scanning laser polarimetry was performed on each patient using GDx Access (Laser Diagnostic Technologies, San Diego, CA, USA). All GDx acquisitions were taken by the same investigator (SF). The following RNFL parameters were measured: NFI, Symmetry, Superior Ratio, Inferior Ratio, Superior/Nasal, Max Modulation, Superior Maximum, Inferior Maximum, Ellipse Modulation, Normalized Superior Area, Normalized Inferior Area, Ellipse standard deviation, Ellipse Average, Superior Average, Inferior Average,and Temporal-Superior-Nasal-InferiorTemporal (TSNIT) standard deviation.
Patients' pupillary diameter was measured before instilling 0.5% tropicamide drops. The posterior capsules were photographed with a Topcon digital camera using the Imagenet 2000 software system (Topcon Corporation, Tokyo, Japan). Each image was then entered into the EPCO 2000 image analysis software (EPCO 2000, & Ch. Nimsgern, 2000; www.epco2000.de) and evaluated independently by three examiners (MV, FM, DS).
The EPCO 2000 software was used to demarcate the areas of pearls separately from those of fibrosis and calculate the fibrosis index (FI) and the pearl index (PI) for the central 1.5, 2.5, and 3.5 mm of the posterior capsule. A detailed description of the EPOC software and the calculations is available elsewhere. 4, 5 Following this preliminary assessment, the patients underwent Nd:YAG capsulotomy by a surgeon (MV) using a standardized protocol. The eyes were assigned to the treatment/control groups randomly, according to a computer-generated list. In the treatment group, the energy level was set at 1 mJ and subsequent incremental increases of 0.5 mJ were made until the posterior capsule was penetrated. The total amount of energy ranged from 2.4 to 5.3 mJ fractioned in 3-5 shots in a cruciate pattern, hence creating an opening of about 3 mm. Patients returned 1 week later and had repeat testing of BCVA and scanning laser polarimetry as described above. Control eyes underwent all the above measurements 1 week later.
Interobserver agreement was assessed by the repeatability coefficient among three experts. The repeatability coefficient describes the limit of agreement, that is, the maximum difference in the results that can be expected in 95% of cases.
We compared the GDx readings obtained before and after the YLC using paired Student's t-test. The parameters that varied significantly after YLC were subsequently used for regression analysis. Stepwise multiple linear regression was used to analyse the impact of the change in the amount of fibrosis (FI) and pearls (PI) on change in GDx parameters after YLC.
Results
In total, 158 patients were enrolled (74 men, 84 women). and 1.49 for observer A vs B, A vs C, and B vs C, respectively). One-sample Student's t-tests show no difference between all GDx parameters before and after YLC except for Symmetry, Superior/Nasal ratio, Inferior Ratio, and TSNIT as shown in Table 1 . Data from the control group are displayed in Table 2 . Similarly, onesample Student's t-test show no difference between treatment and control groups when FI and PI scores (1.5, 2.5 and 3.5 mm) are compared, as shown in Tables 3  and 4 .
The first variable to be studied was change in the symmetry parameter. Stepwise multiple regression showed that the two variables of greatest significance were the FI in the central 1.5 and the PI in the central 3.5 mm. All other variables were excluded by the backward stepwise analysis, as they were not found to add further to the final result. The overall regression correlation was 0.74 (P ¼ 0.02).
Similarly, Superior/nasal ratio was shown to be most strongly correlated to the FI in the central 1.5 mm and PI in the central 3.5 mm (overall regression correlation ¼ 0.667, Po0.001), whereas the variable of greatest significance to Inferior Ratio was PI in the central 3.5 mm (overall regression correlation ¼ 0.71, P ¼ 0.03). Finally, TSNIT was most strongly correlated to FI in the central 1.5 mm and FI in the central 2.5 mm (overall regression correlation ¼ 0.77, Po0.001).
Discussion
Posterior capsule opacification morphology affects vision and contrast sensitivity. 6 Several studies have analysed the impact of posterior capsule fibrosis and the presence of Elschnig's pearls on visual acuity. The general consensus is that pearls could affect visual acuity by scattering light, whereas fibrosis tends to be significantly associated with decreased visual acuity in central zones.
Aslam et al
4 identified the presence of fibrosis in the central 1.5 mm area and the presence of pearls in the central 3.5 mm area as the most clinically relevant factors determining visual acuity and contrast sensitivity. Our study shows that, out of the four parameters that varied significantly after YLC, three parameters (Symmetry, Superior/Nasal, and TSNIT) were influenced by the presence of fibrosis in the central 1.5 mm diameter area and three (Symmetry, Superior Nasal, and Inferior Ratio) were significantly influenced by the presence of Elschnig's pearls in a more peripheral position (central 3.5 mm area). This is in line with previous studies 4 and we might assume that fibrosis seems to be more clinically relevant in the central zone, whereas pearls tend to affect GDx parameters significantly only in a more peripheral area of 3.5 mm diameter.
It might be hypothesized that global parameters tend to be more significantly influenced by fibrosis, which is usually distributed across a large area, whereas parameters like Inferior Ratio, which are obtained by comparing different zones of the retina, might be more susceptible to localized changes, such as Elschnig's pearls. On the other hand, our patients might not represent an adequate sample. By enrolling those awaiting YLC, we might have included a higher than average proportion of patient with clinically significant central PCO or eccentric pearls. 7, 8 It might be interesting repeating the study on a group of asymptomatic patients.
A limitation of our study is the subjective method for quantifying posterior capsule opacification. EPOC 2000 relies on the examiner's judgement for the delimitation of the area to be analysed and therefore is subject to errors. Even though the software has been widely accepted as a reliable research tool, especially as other methods are less readily available, we tried to reduce observational bias by enrolling a panel of three experts that processed the images independently. [9] [10] [11] Another confounding factor could be the intrinsic variability of the GDx parameters.
Rhee et al conducted a study on pseudophakic patients, which was aimed to assess the reproducibility of retinal fibre layer measurements using GDx. It was found that GDx measurements can be obtained with good reproducibility, perhaps with the exception of Ellipse Modulation and the Number. 12 Our study showed how both these parameters did not vary significantly after YLC whereas the four parameters that were significantly altered by YLC in our study (Symmetry, Superior/Nasal, Inferior Ratio, TSNIT) were reproducible, with coefficients of variation of 10% or less.
Hence, it might be argued that our results are not affected by random variations.
In conclusion, it might be worthwhile assessing the amount of PCO in pseudophakic patients when performing scanning laser polarimetry. Investigators should ensure that the type of PCO and the size of the area analysed are documented in the notes in order to grant the GDx findings clinical relevance.
